Somatic embryos were selected from hypocotyl derived suspension culture (Fig. 1a ) described previously [7] and used for protein isolation and detection (Fig. 2) . Different Abstract Two-dimensional gel electrophoresis was used to compare protein expression profiles between various stages of Gentiana kurroo Royle somatic embryos. Seven distinct stages (I-VII) were pointed out and measured from long-term embryogenic cell suspension. Isoelectric focusing was done in the pH intervals 3-10, and the second dimension was carried out with 13% SDS-polyacrylamide gel electrophoresis. Dependent on the stage from about 400 (stage IV) to more than 700 (stage II) protein spots were totally detected. The molecular weight of abundant proteins range from 12 to 70 kDa, however, majority of proteins were located between 20-49 kDa spots on the gels. The highest difference in the number of spots appeared in the case of globular embryo (stage I) and elongated cotyledonary stage (stage VII) with differences being about 130 spots. The relevance of embryogenic cell suspension choice for proteomic analysis as well as expediency of the increasing number of particular embryo stages is discussed.
Introduction
Gentianaceae family consists about 1700 species, but only 28 are the object of plant tissue culture and biotechnology. The first papers summarizing achievements of gentian plant tissue cultures were published in 1988 and 1991 [1, 2] . Since then, considerable progress in the biochemistry and biotechnology of the genus has been achieved. The very first paper showed possibilities to establish plant multiplication of Gentiana kurroo by culturing the shoot tips and nodal segments on Murashige and Skoog (MS) medium supplemented with BAP (benzylaminopurine) and NAA (naphtaleneacetic acid) [3] . For most effective rooting, individual shoots with 3-4 nodes were implanted on hormone-free agar MS medium supplemented only with 6% sucrose [3] . Randomly amplified polymorphic DNA and karyotypic analysis showed the lack of the variation and genetic stability of regenerants and confirmed efficacy of the protocol for micropropagation of G. kurroo over a ten-year period [4] . The significant progress in vegetative plant cell manipulation was recognized when the somatic embryogenesis of primary explants for a few gentian species was described [5] . Among the studied gentians, G. kurroo appeared very embrygenic with tremendous morphogenic potential since seedling and leaf explants [6] were used for culture initiation. Furthermore, once established cell suspensions [7] appeared to be an excellent source of embryogenic cells and their protoplasts [8] . Cell suspensions also created embryogenic aggregates and somatic embryos [9] . Somatic embryogenesis is a complex developmental process that offers multidisciplinary studies of embryogenesis and great potential in plant propagation. Since two-dimensional electrophoresis (2-DE) was developed the application of the method has been increasingly used as a tool for studies of somatic embryogenesis [10] [11] [12] . It should be stressed that proteomic study in gentians has not been published until now, with the exception of one describing isoenzymes and protein patterns in leaves of in vitro micropropagated plantlets of G. lutea in the presence of various combination of plant growth regulators [13] .
The aim of this paper is to show the primary results on the newly discovered proteomic changes between various stages of G. kurroo somatic embryos. stages of development were regenerated spontaneously in one conical flask ( Fig. 1b,c) . The scale of typical four stages of zygotic embryogenesis was replaced with seven in vitro stages scale. The following stages were identified: I -globular embryo; II -heart with thick epidermis and differentiated rootlet; III -an elongated embryo with well-differentiated primary root; IV -cotyledonary embryo with closed cotyledons; V -cotyledonary embryo with detached cotyledons 2-3 mm in size; VI -cotyledonary embryo 3-4 mm; VII -cotyledonary embryos larger than 5 mm in size.
Protein extraction from 10 mg of tissue was performed using an extraction buffer (0.7 M sucrose, 0.5 M Tris, 30 mM HCl, 50 mM EDTA, 10 mM KCl, 2.0 mM PMSF, 13 mM DTT) and a resolving buffer (9.0 M urea, 4% Nonidet NP-40, 2% Servalyte, pH 2-4. Two-dimensional gel electrophoresis performed according to Hochstrasser et al. [14] . In the first dimension, isoelectrofocusing (IEF), 1 × 150 mm capillary was used for polymerization a polyacrylamide column gel with Servalyte pH 3-10. The IEF was conducted at room temperature for 18 h (50-1000 V). Protein were separated in the second dimension (SDS-PAGE) in 13% polyacrylamide slabs (1 × 150 × 150 mm). After electrophoresis, the peptides were stained with silver nitrate according to Heukeshoven and Dernick [15] . Protein spots on gels were measured with Image Master 2-D Elite LKB software.
Results and discussion
The paper presents second field of our experimental activity with the application both embryogenic cell suspension and its proteomic studies. Two-dimensional gel electrophoresis has been successfully engaging in proteome studies of encapsulated embryogenic cell suspension during its adaptation to osmotic stress in cryopreservation protocol of Gentiana cruciata [16] . In these studies, more attention was paid for description of dynamics of the electrophoretic proteomic profile changes considering proteins that showing upstream growth of activity and other proteins being in the decreasing activity. 
Number of protein spots produced by two-dimensional electrophoresis
Total number of protein spots produced by 2-DE was different and characteristic for the seven stages of G. kurroo somatic embryogenesis analyzed (Fig. 2) . The differences ranged from the lowest number of spots presented by stage IV to the highest number of spots presenting in the stage II with over 300 different protein spots. We did not observe the unique differences in the number of produced protein spots between stage III, VI and VII with the number about 545. In the case of Cyclamen persicum, studies revealed that the differing number of spots between particular stages is not large, and globular somatic embryo stage was characterized by 451 protein spots while the torpedo stage was characterized by 460 protein spots [11] .
More attention was paid to recognize the number of protein spots characterizing particular stages. Looking on data from the next stage to the previous stage, the highest difference appeared, of course, in the case of globular embryo (stage I) and elongated cotyledonary stage (stage VII) with differences being about 130 spots (Fig. 2) . Other stages were characterized by the difference ranging from 37 to 72 protein spots between following and previous stage. However, the focusing on the number of protein spots which differed between previous stage to following one gave the other perspective on the possibilities to recognize the protein markers of a particular somatic embryo stage of G. kurroo. The highest number of not observed protein spots was recognized between stages VII and I stage, over one hundred, but the lowest number of protein spot differences was observed between IV and V stage, just about 10. The Fig. 3 presents the results obtained in case of the stage I, III and VII with the criterion of not find protein spots between the compared stages.
Proteomics of somatic embryogenesis
Proteomic patterns have been used for various purposes, however, the comparison between particular stages of embryogenesis, embryogenic and non-embryogenic callus during somatic embryogenesis [17] or plant ontogenesis [18] appeared most frequently analyzed in a limited number of previously published papers. In the case of the H99 inbred maize line, the proteome analysis of embryogenic and non-embryogenic callus revealed the existence of 42 proteins spots that were differentially expressed [17] . The protein expression in rice was used for the description of embryogenic and non-embryogenic cultures, as well as isolated embryos from which cultures were initiated. In both types of cultures, the strongest signals were for 56, 54 and 36 kDa proteins, when in case of initial embryos the signals were not present. Only one protein of 54 kDa appeared to be a marker of embryogenesity, and it was not expressed in non-embryogenic tissue [19] . For the pea, two proteins of 45 kDa and 70 kDa were described being the markers of embryogenesity [20] . In the case of cassava, proteome analysis using extended stages of plant development showed that the only a few of the identified proteins are unique to somatic embryos, shoots, adventitious roots and tubers [18] .
With the help of 2-DE, the proteins of seven consecutive stages of somatic embryos of G. kurroo were analyzed (Fig. 2) . These stages of somatic embryos differ from those usually described in references because of untypical environmental condition of liquid culture in the presence of both plant growth regulators, auxin (2,4-D) and cytokinin (Kinetin). In the case of the last three stages (V, VI, VII) the size (length of embryos) was considered. The Fig. 1 presents the morphological evidences of a particular stage from proembryo to cotyledonary somatic embryo. With the help of the first dimension, the isoelectrofocusing points of isolated proteins from embryos were established. Compare two most distinct stages: globular (I) and cotyledonary (VII) the major difference in the distribution of IEF proteins has been recognized. The first stage of embryo development located studied proteome in majority between pH values ranging from 6 to 9, when the total scale was pH value ranging from 3 to 10. For the oldest studied stage, the majority of proteins were located between pH value ranging 6.5 and 8.5. For both Fig. 3 Number of protein spots and their distribution in 2-DE gel electrophoresis of different stages of somatic embryos. a 130 peptides not discovered in stage VII (yellow color). b 42 peptides not discovered in stage II (red color), 95 peptides not discovered in stage IV (yellow color) and 50 peptides not discovered in stage II and IV (green color). c 119 peptides not discovered in stage I (red color). extreme stages, some proteins had acid character just about pH 4.0 or a base character just between pH values ranging from 9 to 10. Globular and torpedo somatic embryos of C. persicum presented IEF of proteins ranging pH 5-8, only [11] .
SDS-PAGE gel indicated that the molecular weight of abundant proteins spots for G. kurroo is located between 12 and 70 kDa, however, majority of proteins were characterized by kDa from 20 to 49. In the embryogenic callus of Crocus sativus, many high abundant protein spots indicated the range of 14-20 and 30-43 kDa [21] . Describing only three stages: globular, torpedo and cotyledonary of somatic embryos of Coffea arabica two-dimensional electrophoresis analysis revealed a wide range of protein spots ranging between 10 and 160 kDa, when pH value ranging from 3 to 10 [10] . All these studies confirm earlier published results indicating quantitative and qualitative protein variation between proembryo and well-developed cotyledonary stage because of mechanisms involved in differentiation against development and maturation, respectively [12] .
Our results concerning protein analysis of G. kurroo somatic embryos have shown that proposed seven stages of embryogenesis (I-VII stages) can be utilized for estimation of the correlation between protein expression and gene involved in the development of somatic embryos. Moreover, they could be used for supporting the progress in studies of genetic and physiological controls of somatic embryogenesis in such model plants as Arabidopsis thaliana and Medicago truncatula.
